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(54) Method for manufacturing bonded wafer and bonded wafer 



(57) The object of the invention is to provide a bond- 
ed wafer in which an inferior bonding state of the bonded 
wafer attained by a hydrogen ion delamination method 
is reduced, no separation or no void Is found at the con- 
necting interface under a superior production character- 
istic and in a low cost. In a method for manufacturing a 
bonded wafer by a hydrogen ion delamination method, 
carbon concentration at a close contacted surface 
where both wafers are closely contacted from each oth- 
er is 3 x 10 14 atoms/cm 2 or less. 
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Description 

2. Background of the Invention 

Field of the Invention 

[0001] This invention relates to a method for reducing 
an inferior bonding at a joint surface in a so-called hy- 
drogen ion delamination (separation) method (also 
called as a smart-cut method) in which joined SOI wa- 
fers at least one wafer being ion implanted are heat 
treated to cause separation to SOI wafers and delami- 
nated wafers, thereafter the SOI wafers are heat treated 
to make bonding firmly. 

Description of the Related Art 

[0002] As a method of manufacturing an SOI (silicon 
on insulator) wafer under application of a bonding meth- 
od, it has been well known in the related art to provide 
a technology for bonding two silicon wafers through a 
silicon oxide film, for example, a method for forming an 
oxide film on at least one wafer, closely contacting these 
wafers to each other without placing any foreign mate- 
rials at the joint surface, thereafter heat treating them at 
a temperature of about 200 to 1200 °C to increase a 
bonding strength, as disclosed in the gazette of Japa- 
nese Patent Publication No. Hei 5-46086. 
[0003] The bonded wafer of which bonding strength 
is increased through performing a heat treatment is en- 
abled to be ground and polished after the treatment, so 
that the wafer applied to form an element is reduced in 
its thickness to a desired thickness under grinding and 
polishing operations and then it is possible to form the 
SOI layer forming an element. 
[0004] The bonded SOI wafer made in this way has 
some advantages that it has a superior crystalline char- 
acteristic of the SOI layer and a high reliability in an bur- 
ied oxide layer present just below the SOI layer. How- 
ever, it was made thin through grinding and polishing, 
resulting in that it took much time for making a thin film, 
useless application of material was set and uniformity 
of film thickness of only about ±0.3 p m of a target film 
thickness was attained. 

[0005] In turn, with a recent trend of high integration 
and high speed in operation of semiconductor devices, 
it is required to have further thin thickness of the SOI 
layer and a uniformity of film thickness and more prac- 
tically, it is required to have a film thickness and its uni- 
formity of about 0.110.01p.m. 

[0006] Realization that the thin film SOI wafers having 
such a film thickness as above and a uniform film thick- 
ness by a bonded wafer was impossible under a thick- 
ness reducing work through the related art grinding and 
polishing, so that as a new thin film forming technology, 
a method called as a hydrogen ion delamination (sepa- 
ration) method (also called as a smart cut method) dis- 
closed in the gazette of Japanese Patent Laid-Open No. 



2 

Hei 5-211128 has been developed. 
[0007] This hydrogen ion separation method is a tech- 
nology in which an oxide film is formed on at least one 
of the two silicon wafers, either hydrogen ion or rare gas 

5 ion is implanted from the upper surface of one silicon 
wafer, a fine air bubble layer (enclosing layer) is formed 
in the silicon wafer, thereafter the ion implanted surface 
is closely contacted with the other wafer through the ox- 
ide film, a heat treatment (a separation heat treatment) 

10 is applied, one wafer is delaminated in a thin film state 
with the fine air bubble layer being applied as an sepa- 
ration surface (a delaminating surface), and further a 
heat treatment (a bonding heat treatment) is applied and 
they are forcedly bonded each other to make an SOI 

15 wafer. 

[0008] This method has an advantage that the mate- 
rial can be used effectively due to the fact that the dela- 
minating surface is a superior mirror surface and the SOI 
wafer having a quite high uniform characteristic of the 

20 SOI layer can be attained in a relative easy manner and 
further the delaminated one wafer can be utilized again. 
[0009] In addition, this method also enables the sili- 
con wafers to be directly bonded to each other without 
applying any oxide film, and this is used not only for a 

25 case in which the silicon wafers are bonded to each oth- 
er, but also a case in which insulator wafers having dif- 
ferent thermal expansion coefficients such as quartz, sil- 
icon carbide and alumina or the like after implanting ions 
into the silicon wafers. 

30 [0010] In the case that the bonded wafers are made 
by such a hydrogen ion separation method, it is also 
possible to perform a heat treatment of high temperature 
also acting as a separation heat treatment and a bond- 
ing heat treatment at once as a post heat treatment after 

35 the two wafers are closely contacted to each other at a 
room temperature, although it is normally carried out 
that for a sake of convenience in use of the delaminated 
wafer after its heat treatment, the separation heat treat- 
ment is once carried out at a relative low temperature of 

40 about 500 °C, the delaminated wafer is recovered, only 
the SOI wafer is separately processed in a bonding heat 
treatment at a high temperature of about 1100°C, for ex- 
ample. 

[0011] However, the present inventors found that the 
45 following two kinds of inferior bonding occurred fre- 
quently while the bonded wafer was being made in rep- 
etition by the hydrogen ion separation method. 

1) Inferior bonding in which after performing the 
50 separation heat treatment, delaminated state does 

not occur at the ion implanted layer, but either an 
entire surface or its part is separated at the close 
contacted portions (joint surface): 

2) Inferior bonding in which although a void (a partial 
55 unbonded portion) is not generated at all after per- 
forming a separation heat treatment, but void is 
generated after performing a bonding heat treat- 
ment. 
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[0012] In regard to the aforesaid two kinds of inferior 
bondings, the present inventors studied them honestly 
and found that these inferior bondings had a certain re- 
lation with a concentration of organic substances con- 
tained in the surfaces closely contacted to each other at 5 
a room temperature. 

[0013] Further, describing it in detail, it is assumed 
that the phenomenon in which the organic substances 
may become a cause of void is generated in the case 
that the organic substances trapped at the joint surface 
are processed by a high temperature bonding heat treat- 
ment to become gasified, and if its gas pressure is su- 
perior to a bonding strength or rigidity of silicon, void is 
formed. Accordingly, in the case of the related art bond- 
ing method, since it is normally found that the bonded 
wafer is not made thin when a bonding heat treatment 
is carried out, if the wafer has a high rigidity and a rela- 
tive small amount of organic substances is trapped at 
the joint surfaces, they may not become gasified and 
formed as void and they are diffused and diminished 
from the joint surface. 

[0014] To the contrary, in the case of hydrogen ion 
delamination method, since a high temperature bonding 
heat treatment is carried out at the SOI layer after the 
separation heat treatment under a state of quite thin 
thickness of 2 u. m or less, the present inventors have 
found that rigidity of wafer is quite weak and even if such 
a small amount of organic substances trapped at the 
joint surface as one not producing any void under the 
related art bonding method is present, there occurs a 
phenomenon in which the void is generated only after 
the bonding heat treatment is carried out, as described 
in the above item 2). 

[0015] In turn, the present inventors have found that 
occurrence of inferior bonding is dependent on a pres- 
ence or a non-presence of a silicon oxide film or its thick- 
ness at the close contacted surfaces of the wafers. That 
is, if the bonding is performed through an oxide film, the 
gas generated under the presence of the organic sub- 
stances is absorbed into the oxide film, so that the void 
is hardly formed. Then, it may be considered that this 
phenomenon shows a certain effect as a thickness of 
the oxide film is thicker. 

3. Summary of the Invention 

[001 6] In view of the foregoing, the present invention 
has been attained in reference to a relation between an 
inferior bonding of the bonded wafers and a concentra- 
tion of carbon atoms which can be an index for contam- 
ination of organic substances at the close contacted sur- 
face and it is a main object of the present invention to 
reduce an inferior bonding of the bonded wafers at- 
tained by the hydrogen ion delamination method and to 
provide the bonded wafers having no separation at the 
bonding interface or no void under a high productivity 
and a low cost. 

[0017] In order to accomplish the aforesaid problem, 



one aspect of the present invention is a method for man- 
ufacturing a bonded wafer by a hydrogen ion delamina- 
tion method characterized in that carbon concentration 
at close contacted surfaces of both wafers is 5 x 10 14 
atoms/cm 2 or less. 

[0018] As described above, if the carbon concentra- 
tion at the close contacted surfaces where both wafers 
are closely contacted at a room temperature is 5 x 10 14 
atoms/cm 2 or less, no inferior bonding which no sepa- 
ration occurs at the ion implanted layer after performing 
the separation heat treatment, and either the entire sur- 
face or its part is separated at the close contacted sur- 
faces is not produced. 

[0019] In another aspect of the present invention, if 
carbon concentration at a joint surface after separation 
heat treatment is 3 x 10 14 atoms/cm 2 or less, it is pos- 
sible to prevent a void from being generated by its sub- 
sequent bonding heat treatment. 
[0020] Preferably, a thickness of a silicon oxide film 
present at close contacted surfaces is 0.1u.m or more, 
thereby the occurrence of void caused by the bonding 
heat treatment can be positively prevented. 
[0021] In further aspect of the present invention, if the 
surfaces of wafers to be bonded from each other are 
cleaned with ozone cleaning and/or sulfuric acid-hydro- 
gen peroxide cleaning combined with at least one of SC- 
1 cleaning and SC-2 cleaning, thereafter the wafers are 
bonded to each other, carbon concentration at the close 
contacted and joint surfaces can be positively reduced 
to such a level as one where no void is generated. 
[0022] Additionally, further aspect of the invention de- 
scribes a bonded wafer characterized in that carbon 
concentration at the joint surfaces after a separation 
heat treatment is 3 x 10 14 atoms/cm 2 or less. If such a 
wafer as one described above is applied, since gener- 
ation of void can be prevented through high temperature 
bonding heat treatment, it is possible to manufacture the 
bonded wafers having high quality without any void in a 
high yield. In particular, in the case of bonded SOI wafer, 
it is preferable that a thickness of the silicon oxide film 
present at the joint surfaces is 0.1 u,m or more. 
[0023] As the wafer to be used for reducing an inferior 
bonding at the hydrogen ion separation method, it is 
preferable to apply a wafer having such a surface con- 
centration as above in which carbon concentration at the 
close contacted surfaces of both wafers is 3 x 10 14 at- 
oms/cm 2 or less. In addition, in the case of manufactur- 
ing the bonded SOI wafer, it is preferable that a thick- 
ness of the silicon oxide film present at the close con- 
tacted surfaces is 0.1 urn or more. 
[0024] As described above, the present invention can 
suppress inferior bondings in which after performing the 
separation heat treatment, delamination does not occur 
at the ion implanted layer, but either an entire surface 
or its part is separated at the close contacted portions, 
and although a voide (partial unbonded portion) is not 
generated at all wafer after performing a separation heat 
treatment, but void is generated after performing a 
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bonding heat treatment, when the bonded wafer is man- 
ufactured by hydrogen ion delamination method. Ac- 
cordingly, the bonded wafer having no separation state 
or void at the bonding interface can be provided in a su- 
perior productivity and under a low cost. 

4. Brief Description of the Drawings 

[0025] Figure is a flow chart for indicating an example 
of manufacturing steps for the bonded SOI wafer in ac- 
cordance with the present invention. 

5. Description of the Preferred Embodiments 

[0026] Referring now to Figure, one preferred embod- 
iment of the present invention will be described. How- 
ever, the present invention is not limited to this preferred 
embodiment. In this case, Figure is a flow chart for indi- 
cating one example of manufacturing steps of the bond- 
ed SOI wafer of the present invention. 
[0027] At the step (a), two silicon wafers 1 , 2 are pre- 
pared, wherein both wafers are single-crystal silicon wa- 
fers in which at least surfaces to be bonded are polished 
in mirror surface. In this Figure, 1 denotes a base wafer 
and 2 denotes a bond wafer. 

[0028] The step (b) is a step for forming an oxide film 
3 at the bond wafer 2 becoming the SOI layer. Since the 
oxide film 3 becomes a buried oxide layer of the SOI 
wafer, its thickness is set in response to its application, 
although about 0.1 to 2.0um is normally applied. In ad- 
dition, it is also preferable that an oxide film is not formed 
at the bond wafer 2, but the oxide film is formed at the 
base wafer 2 becoming the supporting wafer for the SOI 
layer and also both of them may be formed with oxide 
films. 

[0029] Then, at the step (c), at least one of hydrogen 
ion or rare gas ion, hydrogen ion in this case is implanted 
from above the upper surface of one surface of the bond 
wafer 2 (a surface bonded to the base wafer 1 ) and then 
a fine air bubble layer (enclosing layer) 4 in parallel with 
the surface at a mean penetration depth of ion is formed, 
wherein it is preferable that a temperature of wafer dur- 
ing implantation operation is 25 to 450 °C and in partic- 
ular, 200 °C or less is preferable. 
[0030] At the step (d), this is a cleaning step in which 
surface impurities are removed before the base wafer 1 
and the bond wafer 2 are closely contacted at a room 
temperature. This related art cleaning step was carried 
out such that mixed solution of ammonium hydroxide 
and hydrogen peroxide called as SC-1 cleaning, or 
mixed solution of hydrogen chloride and hydrogen per- 
oxide called as SC-2 cleaning are applied independently 
or under a combination of several steps. However, in the 
present invention, in addition to the SC-1 cleaning or 
SC-2 cleaning, a combined method of a well-known 
ozone cleaning (pure water containing ozone) or sulfuric 
acid-hydrogen peroxide cleaning (mixed solution of con- 
centrated sulfuric acid and hydrogen peroxide water) is 



carried out in order to perform an effective removal of 
the organic substances at the surface. With such an ar- 
rangement as above, the organic substances at the sur- 
faces of the base wafer 1 and the bond wafer 2 can be 

5 removed effectively, so that it is possible that a concen- 
tration of carbon at the close contacted surfaces closely 
contacted to each other at a room temperature is posi- 
tively set to 5 x 10 14 atoms/cm 2 or less. 
[0031] In addition, since a concentration of carbon at 

10 the close contacted surfaces is determined in response 
to cleaning conditions such as a temperature, composi- 
tion and cleaning time of the cleaning liquid at the step 
(d), if a relation between the cleaning condition and the 
concentration of carbon at the close contacted surfaces 

15 is checked in advance, a cleaning condition which is 
most suitable for the target concentration of carbon can 
be set. 

[0032] As a measuring method, there may be provid- 
ed TD-GC-MS (Thermal Desorption Gas Chromatogra- 
20 phy Mass Spectroscopy) method or SIMS (Secondary 
Ion Mass Spectroscopy) under application of a thin film 
SOI to be described later. 

[0033] Then, at the step (e), this is a step in which 
both wafers after their cleaning are superposed to each 

25 other and closely contacted to each other, wherein the 
surfaces of the two wafers are contacted to each other 
in a clean atmosphere at a normal temperature, thereby 
the wafers are closely joined to each other without using 
any adhesive agent or the like. 

30 [0034] At the step (f). this is a separation heat treat- 
ment in which a delaminated wafer 5 and the SOI wafer 
6 (SOI layer 7 + buried oxide layer 3 + base wafer 1) are 
separated while being delaminated with the enclosing 
layer 4 being applied as an interface, wherein, for ex- 

35 ample, if a heat treatment is applied at a temperature of 
about 500 °C or more in inert gas atmosphere, the dela- 
minated wafer 5 and the SOI wafer 6 are separated by 
a rearrangement of crystals and cohesion aggregation 
of air bubbles and concurrently the close contacted sur- 

4Q faces at a room temperature are rigidly bonded to a cer- 
tain degree. At this step, an analysis with SIMS (Sec- 
ondary Ion Mass Spectroscopy) is carried out from the 
SOI surface of the SOI wafer 6 toward its depth direc- 
tion, resulting in that a specified amount of concentration 

45 of carbon at the close contacted surface at a room tem- 
perature can be specified in its quantity. In addition, if a 
reclaiming processing in which the oxide film 3 at the 
surface is removed and the delaminated surface is pol- 
ished is carried out, the delaminated wafer 5 can be uti- 

50 lized again. 

[0035] In order to use the SOI wafer 6 during the de- 
vice manufacturing step, a bonding strength under a 
separation heat treatment at the step (f) is insufficient, 
so that the heat treatment at high temperature is applied 

55 as a bonding heat treatment at the step (g) so as to 
cause the bonding strength to be sufficiently high. This 
heat treatment can be carried out in an atmosphere of 
inert gas, for example, at a temperature of about 1000 
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to 1200 °C for about 30 minutes to 5 hours. In addition, 
if a rapid heating and rapid cooling device such as a 
lamp heating device is applied, a sufficient bonding 
strength can be attained at a temperature of about 1000 
to 1350 °C for a short period of 1 to 300 seconds. 
[0036] Then, at the step (h), this is a step in which a 
damaged layer and a surface roughness present at the 
delaminated surface (separated surface) acting as the 
surface of the SOI layer 7 are removed. As this step, a 
polishing process called as a touch-polish having a quite 
less amount of stock removal or a heat treatment can 
be carried out in a reducing atmosphere containing hy- 
drogen after the touch polishing operation. However, 
even if only the heat treatment is carried out in the re- 
ducing atmosphere containing hydrogen without per- 
forming the touch-polishing, the damaged layer and the 
surface roughness can be similarly removed and further 
it may act as the bonding heat treatment at the step (g), 
resulting in that a more efficient step can be assured. 

[Preferred Embodiment] 

[Example 1] 

[0037] At first, two single-crystal silicon wafers 2 hav- 
ing a diameter of 1 50 nm, a thickness of 625 jim, a con- 
ductive p-type, and a resistivity of 10 to 20 Q-cm with its 
one surface being polished in mirror surface were pre- 
pared, one of the wafers was formed as a bond wafer 
and an oxide film having a thickness of 0.1 u.m was 
formed at the surface by a thermal oxidation. 
[0038] Then, H + ions were implanted at the mirror 
surface side of the bond wafer through an oxide film un- 
der a condition of an implanting energy of 40 keV and 
an implanting dose 8 x 10 14 atoms/cm 2 , thereafter sul- 
furic acid-hydrogen peroxide cleaning (96% concentrat- 
ed sulfuric acid: 30% H202 = 6 kg: 100 cc, a liquid tem- 
perature of 1 1 0 °C) was carried out for 5 minutes, rinsed 
with pure water, thereafter SC-1 cleaning (29% NH40H 
aqueous solution: 30% H202, pure water = 1 : 1 : 8, a 
liquid temperature of 80°C) was carried out for 4 min- 
utes, and further SC-1, SC-2 (36% HCI aqueous solu- 
tion: 30% H202: pure water = 1 : 1 : 6, a liquid temper- 
ature of 80 °C) and SC-1 were carried out in sequence 
for every 4 minutes. 

[0039] In turn, SC-1, SC-2 and SC-1 cleanings were 
carried out in sequence for every 4 minutes without per- 
forming a sulfuric acid-hydrogen peroxide cleaning, 
both wafers were dried, thereafter they were closely 
contacted to each other at a room temperature and fur- 
ther as a separation heat treatment, the heat treatment 
at 500 °C was carried out for 30 minutes in nitrogen gas 
atmosphere. 

[0040] As a result, the SOI wafer having a thickness 
of the SOI layer of about 0.25 u.m and the delaminated 
wafer were made as shown in step (0 of Figure. Visual 
inspection of the SOI wafer after its separation showed 
that the void was not observed at all. If the SOI layer is 



kept at its thin-film state, the portion where the void is 
present is seen as a protruded shape, so that the void 
can be observed without using any special device. 
[0041] Then, the bonding heat treatment was carried 
5 out for this SOI wafer in nitrogen gas atmosphere at 
1100 °C for 2 hours. The SOI wafer after its bonding 
heat treatment was observed visually and no void was 
observed at ail. 

[0042] In addition, up to the separation heat treatment 
10 was carried out under the quite same condition as that 
of the aforesaid operation, the SOI wafer separately 
manufactured was diced, SIMS measurements were 
carried out for three portions (a portion near its center, 
a portion near 35 mm from its center and a portion near 
15 65 mm from its center), carbon concentration at the 
close contacted surface at a room temperature was cal- 
culated to find out a value of 3 x 1 0 14 atoms/cm 2 or less. 

[Example 2] 

20 

[0043] The bond wafer in which the wafer of the same 
kind as that of the preferred embodiment 1 was not 
formed with an oxide film, but ion implanted under the 
same condition was manufactured and kept in a desic- 
25 cator containing dibutylbenzoquinone therein for 1 hour. 
[0044] After this period, the cleaning with sulfuric ac- 
id-hydrogen peroxide was not carried out, but only the 
SC-1, SC-2 and SC-1 cleanings were carried out under 
the same condition as that of the preferred embodiment 
30 1 together with the base wafer and after drying them, 
both wafers were closely contacted to each other at a 
room temperature, the same separation heat treatment 
and bonding heat treatment as those of the preferred 
embodiment 1 were carried out in sequence. As a result, 
35 several voids with a diameter of about 2 to 1 0 mm were 
generated at the SOI wafer after the separation heat 
treatment and their numbers at the SOI wafer were in- 
creased after the bonding heat treatment was carried 
out. However, a phenomenon in which the entire surface 
40 of the SOI wafer is separated after performing the sep- 
aration heat treatment was not occurred. 
[0045] In addition, up to the separation heat treatment 
was carried out under the quite same condition as that 
of the aforesaid operation, the bonded wafer separately 
45 manufactured was diced, SIMS measurements were 
carried out for three portions (a portion near its center, 
a portion near 35 mm from its center and a portion near 
65 mm from its center), carbon concentration at the 
close contacted surface at a room temperature was cal- 
50 culated to find out a value of 5 x 10 14 atoms/cm 2 or less. 

[Example 3] 

[0046] Except the fact that an oxide film with a thick- 
55 ness of 0. 1 u.m was formed at the bond wafer, a plurality 
of SOI wafers were manufactured in which operations 
up to the bonding heat treatment were carried out in se- 
quence under the same condition as that of the pre- 
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ferred embodiment 2. As a result, no voids were ob- 
served at all at any kinds of SOI wafers after performing 
the separation heat treatment, although there occurred 
cases in which several voids were generated after per- 
forming the bonding heat treatment and the other cases 
in which voids were not generated at all. 

[Comparative Example 1] 

[0047] A bond wafer in which an oxide film was not 
formed in the same kind of wafer as that shown in the 
preferred embodiment 1 and ion implantation was car- 
ried out under the same condition was manufactured, 
and kept in a desiccator containing dibutylbenzoqui- 
none therein for 6 hours. 

[0048] After this period, the cleanings SC-1 , SC-2 and 
SC-1 were carried out in sequence under the same con- 
dition as that of the preferred embodiment 1 only for the 
base wafer and after drying them, both wafers were 
closely contacted to each other at a room temperature, 
the same separation heat treatment as that of the pre- 
ferred embodiment 1 was carried out. 
[0049] As a result, entire surfaces of both wafers after 
separation heat treatment were separated at an inter- 
face closely contacted at a room temperature and no 
delamination of the wafer at the ion implanted layer was 
found. 

[0050] In addition, after a silicon layer of about 0.3 urn 
was deposited at 600 °C in a reduced pressure by a va- 
por phase growth apparatus after the surface of the 
bond wafer had been processed up to the step keeping 
it in a container under the quite same condition as the 
foregoing. Then SIMS measurement was carried out in 
the same manner as those of the preferred embodi- 
ments 1 and 2, carbon concentration at the surface of 
the bond wafer was calculated to find out a value of 5 x 
10 14 atoms/cm 2 or higher. 

[Comparative Example 2] 

[0051] Except the fact that an oxide film with a thick- 
ness of 0.1 u.m was formed at the bond wafer, operations 
up to the separation heat treatment were carried out un- 
der the same condition as that of the comparative ex- 
ample 1 . As a result, a part of the interface closely con- 
tacted at a room temperature was separated. 
[0052] Further, the present invention is not limited to 
the aforesaid preferred embodiments. The aforesaid 
preferred embodiments are illustrative, and have a sub- 
stantial same configuration as that of the technical con- 
cept described in the claims of the present invention and 
so any type of embodiments showing the similar actions 
and effects are included in the technical scope of the 
present invention. 

[0053] For example, although the manufacturing step 
for the SOI wafer of the present invention is illustrated 
in Figure for the case in which the oxide film is formed 
only at the bond wafer, it may also be applicable that the 



oxide film is formed only at the base wafer or oxide films 
may be formed at both wafers. In addition, the present 
invention may be adapted for the case in which it is 
bonded as base wafer to insulator wafers having differ- 
5 ent thermal expansion coefficients such as polycrystal- 
line silicon or quartz, silicon carbide, alumina or the like. 
[0054] Having described specific examples of the in- 
vention with reference to the accompanying drawings, 
it will be appreciated that the present invention is not 
10 limited to those precise embodiments, and that various 
changes and modifications can be effected therein by 
one of ordinary skill in the art without departing from the 
scope of the invention as defined by the appended 
claims. 



15 

Claims 

1. A method for manufacturing a bonded wafer by a 
20 hydrogen ion delamination method, wherein carbon 

concentration at close contacted surfaces of both 
wafers is 5 x 10 14 atoms/cm 2 or less. 

2. A method for manufacturing a bonded wafer by a 
25 hydrogen ion delamination method, wherein carbon 

concentration at a joint surface after separation 
heat treatment is 3 x 10 14 atoms/cm 2 or less. 

3. A method for manufacturing a bonded wafer ac- 
30 cording to claim 1 and 2, wherein thickness of a sil- 
icon oxide film present at close contacted surfaces 
is 0.1 u.m or more. 

4. A method for manufacturing a bonded wafer by a 
35 hydrogen ion delamination method, wherein surfac- 
es of wafers to be bonded to each other are cleaned 
with ozone cleaning and/or sulfuric acid-hydrogen 
peroxide cleaning combined with at least one of SC- 
1 cleaning and SC-2 cleaning, thereafter the wafers 

40 are bonded to each other. 

5. A bonded wafer manufactured by a hydrogen ion 
delamination method, wherein a concentration of 
carbon at the joint surface after a separation heat 

45 treatment is 3 x 1 0 14 atoms/cm 2 or less. 

6. A bonded wafer according to claim 5, wherein a 
thickness of a silicon oxide film present at a joint 
surface is 0.1 u. m or more. 

50 

7. A wafer applied in a hydrogen ion delamination 
method, wherein carbon concentration at a close 
contacted surface where two wafers are closely 
contacted to each other is 5 x 10 14 atoms/cm 2 or 

55 less. 

8. A wafer applied in a hydrogen ion delamination 
method according to claim 7, wherein a thickness 
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of a silicon oxide film present at close contacted sur- 
faces is 0.1 jim or more. 
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